One in 5 patients who undergo surgical resection for clinically localized renal cell carcinoma (RCC) develop local and/or distant recurrences which, when detected early, may be amenable to salvage local and systemic therapies. When considering that approximately half of these recurrences will occur during the first 2 years, a clear rationale exists for optimizing surveillance strategies after surgery. Although there is a notable dearth of high-quality data on this subject, clinical principles can guide clinicians as they attempt to balance the burden of surveillance strategies with potential clinical benefit. The objective of this review is to summarize the evidence regarding optimal surveillance protocols after surgery for RCC. We provide an overview of the rationale supporting surveillance after surgery, a summary of the American Urological Association and NCCN guidelines, reasons against routine long-term surveillance, surveillance costs, and ancillary issues, such as the utility of bone scan, PET/CT scan, and surveillance after thermoablation.
The incidence of renal cell carcinoma (RCC) has been steadily increasing for decades. 1 The mainstay of treatment for clinically localized disease is radical nephrectomy and, when technically feasible, partial nephrectomy. Yet, up to 20% to 30% of patients who undergo surgical resection for clinically localized tumors may develop local and/or distant recurrences, which, when detected early, may be amenable to salvage local and systemic therapies. [2] [3] [4] When considering that approximately half of these recurrences will occur within the first 2 years, 5 a clear rationale exists for optimizing surveillance strategies for patients who have undergone surgical resection for clinically localized RCC.
Treating physicians, however, disagree on what constitutes an "optimal" strategy. 6 This lack of consensus is, in no small part, due to the variable nature of the timing and anatomic location of RCC recurrence and the lack of empirical data supporting the beneficial impact of early salvage therapies. 7 Although most recurrences present within the first couple of years after surgery and approxi-
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Mark D. Tyson, MD, and Sam S. Chang, MD, MBA mately half of all distant recurrences occur in the lung, late recurrences and nonpulmonary sites of metastatic disease are not uncommon. 5, [8] [9] [10] [11] A small percentage of patients will develop recurrences ≥10 years after surgical therapy, with some presenting with distant recurrences >20 years later. 11, 12 Yet, subjecting every patient to ≥20 years of surveillance is certainly not optimal given the manifestly high cost and risk associated with continued surveillance imaging over time. 13 However, by the same token, the absence of evidence does not justify forgoing surveillance altogether, as highlighted by the American Urological Association (AUA) and NCCN guidelines, which attempt to balance the burden of surveillance strategies with potential clinical benefit.
In this context, we aim to summarize the evidence regarding the optimal surveillance protocols after surgery for RCC. We provide an overview of the rationale supporting surveillance after surgery, a summary of the AUA and NCCN guidelines, reasons against routine long-term surveillance, surveillance costs, and ancillary issues, such as the utility of bone scan, PET/CT scan, and surveillance after thermoablation.
Summary of NCCN Guidelines
For patients with stage I RCC (T1a and T1b), a history and physical examination (H&P) with a comprehensive metabolic panel is recommended every 6 months for the first 2 years, then annually up to 5 years. 2 If the patient underwent a partial nephrectomy, a baseline abdominal CT, MRI, or ultrasound is recommended within 3 to 12 months of surgery, then annually for 3 years if the baseline scan is negative. Recognizing that the risk of visualizing a local recurrence, even in the setting of a positive margin, is low within the first few months after surgery, the rationale for performing a baseline CT or MRI is that the kidney architecture can be substantially altered after a partial nephrectomy, and baseline imaging serves as a comparison point for future surveillance studies. This may be even more important in the era of Hem-o-lok clips, which can confound the appearance of the post-partial nephrectomy renorrhaphy bed. If the patient underwent a radical nephrectomy, a baseline abdominal CT, MRI, or ultrasound should be performed within 3 to 12 months, but imaging beyond that is optional if the baseline scan is negative. Chest imaging (radiograph or CT) is recommended annually during the first 3 years, then as clinically indicated thereafter. Brain, pelvis, and bone imaging is only recommended if clinically indicated.
Although NCCN does not make formal recommendations regarding routine surveillance beyond the 5-year period, the guidelines state that surveillance may be extended beyond 5 years at the physician's discretion. There may be several reasons why a clinician would choose to continue surveillance for selected patients who have undergone a partial nephrectomy for low-risk disease. First, some patients, who are by definition stage I, have highrisk characteristics that make them more prone to local and distant recurrences (eg, positive margins, high Fuhrman grade, aberrant histology, pathologic upgrading). Furthermore, with increasing attention on the sequela of chronic kidney disease, there has been an impressive expansion in the use of partial nephrectomy for treating clinical T1b tumors. Although these patients technically fall within the stage I designation, most would agree that they are at high risk of recurrence compared with those with pT1a tumors. Lastly, metachronous renal tumors in either the ipsilateral or contralateral kidney are found in as many as 20% of patients with papillary RCC or familial RCC.
14 Taken together, a strong case could be made for continuing surveillance up to and perhaps even beyond the 5-year period for patients with clinical risk factors for recurrence.
For patients who have undergone radical nephrectomy for stage II or III disease, an H&P is recommended every 3 to 6 months through the third year, then annually through the fifth year. Comprehensive metabolic panels should be ordered every 6 months for the first 2 years, then annually through year 5. A baseline abdominal CT or MRI is recommended within 3 to 6 months, then at 3-to 6-month intervals for the first 3 years, followed by an annual schedule until year 5. It should be noted that an ultrasound is a category 2B option for stage III disease in the NCCN Guidelines. 2 A chest CT is recommended within 3 to 6 months after surgery, every 3 to 6 months thereafter through year 3, then annually through year 5 if the baseline imaging is negative. Brain, pelvis, and bone imaging is only recommended if clinically indicated.
Summary of AUA Guidelines
For patients with low-risk disease, which is defined as T1N0/X and for whom the risk of recurrence is approximately 1% to 8%, 15, 16 the AUA recommends a H&P at 6, 12, 24, and 36 months, with further follow-up performed at the discretion of the treating physician. 17 Bloodwork, such as serum creatinine levels, and urine tests are performed as clinically indicated. For patients who have undergone a partial nephrectomy, abdominal imaging (either an MRI or CT) is recommended between 3 and 12 months after surgery. If this initial postoperative scan is negative, annual abdominal imaging (ultrasound, CT, MRI) is optional up to 3 years.
For patients who underwent a radical nephrectomy, an abdominal ultrasound is an acceptable substitute for abdominal CT or MRI, but 1 of these 3 studies should be performed within 3 to 12 months postsurgery. Because the risk of local or distant recurrence is so low in patients without familial RCC (2%-4%), abdominal imaging after this initial study is optional. [18] [19] [20] [21] [22] With respect to chest surveillance, either a chest radiograph or CT is recommended annually for 3 years, then as clinically indicated. Because the clinical suspicion for pulmonary metastatic disease is so low for most low-risk patients, a chest radiograph is sufficient for most patients undergoing surveillance after nephrectomy or partial nephrectomy. If the clinical suspicion is higher on account of high-risk features mentioned earlier, then a chest CT may be indicated. At this time, routine surveillance of the brain, pelvis, or bone is not recommended unless clinically indicated.
For patients with moderate-to high-risk disease (defined as T2-4N0/X or TanyN1 disease), the risk of local and distant recurrences may be much higher (30%-78%), which necessitates a more intense surveillance protocol. 17 In addition to a biannual H&P for 5 years, a baseline CT or MRI of the abdomen and chest is recommended within 3 to 6 months, then every 6 months until 5 years. It should be noted that if the initial abdominal imaging is negative, the clinician could consider obtaining abdominal ultrasounds as opposed to CT every 6 months. This more intense surveillance is predicated on the assumption that most of these patients will be amenable to salvage therapy in the event of a recurrence and that earlier detection of this recurrence will lead to improved outcomes; a belief that is admittedly lacking in evidentiary support.
Years and Beyond
Although the AUA and NCCN discuss imaging up to 5 years for moderate-to high-risk patients, the clinician, for reasons enumerated earlier, may wish to continue with surveillance beyond this 5-year period for select patients at higher risk of recurrence. However, a closer look at the evidence regarding long-term intense surveillance casts serious doubts on the utility of this strategy for every patient. First, late metastatic recurrences have been reported to occur in only 1.8% of patients after 5 years. 11 In a report of >2,368 patients who underwent surgery for clinically localized disease, only 44 experienced a recurrence 5 years after nephrectomy. 11 Although only 25% of these patients were symptomatic at presentation, the median survival after diagnosis of recurrent disease was approximately 6 years in all patients. When stratified by symptoms, patients who were symptomatic experienced a substantially lower median survival (3 years).
In a separate analysis of 470 patients who underwent curative surgical resection for RCC and had not developed a recurrence within 10 years, only 30 developed a recurrence and approximately 64% of those patients were alive at 20 years compared with 78% of patients whose disease did not recur. 12 Other studies suggest that recurrences can occur as late as 30 to 40 years later. 23, 24 However, these low rates of recurrence, reasonably good survival functions, and isolated case reports of extremely late recurrences hardly constitute sufficient justification for subjecting the remainder of the patients to the burdensome cost and potentially dangerous radiation exposure of annual surveillance. 25 In other words, what is good for an individual patient in retrospect may not necessarily be good for the rest of the population moving forward.
Laboratory Testing
The timely detection of progressive renal deterioration after nephrectomy permits an early referral to nephrology in an effort to limit any further progression in kidney disease. Both NCCN and the AUA recommend routine laboratory testing, such as a comprehensive metabolic panel and other tests as indicated; lactate dehydrogenase (LDH) is included in many prediction models because it improves prognostication, particularly for patients with advanced disease. 26, 27 Although few empirical data exist supporting the routine use of LDH in the surveillance of patients who have undergone nephrectomy for clinically localized disease, the AUA notes that it may have a role as a measure of general organ function. Alkaline phosphatase (ALP) is yet another potential prognostic marker for patients with advanced disease. 28 When limited to nonmetastatic tumors only, multivariable analysis has demonstrated that ALP is an independent predictor of disease-specific survival. However, several retrospective analyses have challenged the notion that ALP is useful in the follow-up of asymptomatic patients with RCC.
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Bone Scan
Routine use of bone scan in the follow-up of asymptomatic patients with nonmetastatic RCC and normal ALP levels is not supported in the literature. Emerging evidence suggests that the probability of finding bony metastatic disease in the absence of an elevated ALP or clinical symptoms is <1%. 31, 32 However, in the presence of an elevated ALP or clinical symptoms that are worrisome for bony metastatic disease, the probability of a positive bone scan increases to approximately 5% to 10%. 33 Taken together, radionuclide bone scans should not be a routine part of surveillance strategies postnephrectomy in most patients, but rather driven by clinical symptoms and serum ALP values.
Brain Imaging
The routine use of head MRI or CT for surveillance after nephrectomy is not recommended due to an exceedingly low probability of finding metastatic disease in this population. However, in patients with neurologic signs or symptoms, prompt neurologic evaluation with cross-sectional imaging of the head is recommended. MRI may have better sensitivity than a CT scan for detecting small central nervous system metastatic deposits, but CT may be more appropriate in the setting of acute neurologic decompensation requiring immediate treatment.
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PET Scan and Molecular Markers
There is insufficient evidence to support the use of molecular markers, such as ki-67, p53, and vascular endothelial growth factor, in the postnephrectomy risk stratification of patients with nonmetastatic RCC. 17 Similarly, given the lack of empirical evidence regarding the sensitivity and specificity of PET/CT scan in detecting local or distant recurrences in patients undergoing surveillance after nephrectomy, its use is currently discouraged.
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Surveillance After Thermoablation
Thermoablative techniques are increasingly being used as alternative approaches for the management of clinical T1 RCC. Although the focus of this article is surveillance after surgery, 3 points regarding surveillance after thermoablation are worthy of brief discussion. First, although the risk of developing distant metastatic disease after thermoablation appears to be comparable to nephrectomy, local recurrences are much more likely. 35, 36 As a result, closer attention must be paid to monitoring the ablated kidney for local recurrences, especially because tumor recurrences can be easily re-treated with thermoablative techniques. A posttreatment biopsy should be performed if there is any progressive increase in the size of an ablated lesion, with or without contrast enhancement; new concerning areas around the treated zone; or failure of the treated lesion to regress in size over time. 17 Second, Weight et al 37 advocate these patients be followed similar to intermediateto high-risk postsurgical patients, and many advocate for a biopsy at 6 months given the poor correlation between imaging and pathology. However, NCCN recommends a postprocedural biopsy if there are clinical indications, such as new enhancement, progressive enlargement, new nodularity, failure to regress, or satellite or port site lesions. 2 Lastly, patients undergoing thermoablation should have a pretreatment biopsy. If the results are consistent with a benign histology and there is radiographic confirmation of treatment success with no evidence of treatment-related complications, surveillance imaging can be safely avoided.
Cost
No discussion regarding the optimal surveillance strategy for RCC would be complete without briefly discussing the costs associated with surveillance. Predicted costs associated with 5 years of surveillance after a partial nephrectomy based on the AUA/NCCN guidelines is roughly $3,904 USD. 38 A separate study showed that in order to capture 95% of all recurrences up to 15 years, the costs associated with surveillance increase to $9,856 USD per patient. 13 Future research is needed to identify optimal surveillance strategies that maximize early detection of recurrent RCC while minimizing costs and radiation exposure.
Future Directions
What is perhaps most striking about the state of the current evidence is the relative lack of high-quality studies that precisely estimate the effect of surveillance imaging on important clinical variables, such as overall survival, disease-specific survival, and quality of life. Although observational and retrospective studies are useful for understanding how surveillance strategies may impact long-term survival, they are ill-equipped for strong causal inferences. As a result, long-term, prospective, preplanned, observational studies or randomized trials are still needed to firmly answer the many remaining questions, such as does early detection significantly improve survival? Does intense surveillance offer any advantages over routine surveillance? What defines treatment failure after thermoablation? Is there a role for tumor or tissue markers in predicting survival, recurrence, or metabolic sequelae? What is the effect of adjuvant systemic therapy for surveillance-detected recurrences? What are the long-term effects of cumulative radiation exposure posed by intense surveillance? These questions are among many that still need to be answered before strong statements can be endorsed by existing guideline bodies.
